Effects of Elevated Temperatures on Microwave Incinerated Rice Husk Ash blended

Concrete by Nadarajan, Chandrakumar
Effects of Elevated Temperatures on Microwave Incinerated Rice Husk Ash blended 
Concrete 
by 
Chandrakumar all Nadarajan 
Dissertation submitted in partial fulfilment of 
the requirements for the 
Bachelor of Engineering (Hons) 
(Civil Engineering) 
JAN2008 
Universiti Teknologi PETRONAS 
Bandar Seri Iskandar 
31750 Tronoh 
Perak Darul Ridzuan 
CERTIFICATION OF APPROVAL 
Effects of Elevated Temperatures on Microwave Incinerated Rice Husk Ash 




A project dissertation submitted to the 
Civil Engineering Programme 
Universiti Teknologi PETRONAS 
in partial fulfillment of the requirement for the 
BACHELOR OF ENGINEERING (Hons) 
(CIVIL ENGINEERING) 
(AP. Ir. Dr. Hj. Muhd Fadhil Nuruddin) 
UNIVERSITI TEKNOLOGI PETRONAS 
TRONOH, PERAK 
January 2008 
CERTIFICATION OF ORIGINALITY 
This is to certifY that I am responsible for the work submitted in this project, that the 
original work is my own except as specified in the references and acknowledgements, 
and that the original work contained herein have not been undertaken or done by 




Firstly, I would like to express my heartiest appreciation to my supervisor, AP. Ir. 
Dr. Hj. Muhd Fadhil Nuruddin for imparting his knowledge and experience to me and 
above all finding the time to guide me through the past one year despite his hectic 
schedule. 
A special thanks to my senior, Ms. Nur Liyana Mohd Kamal, for assisting and 
supporting me towards the completion of my Final Year Project. Also not to forget the 
Civil and Chemical department lab technicians who worked tirelessly in ensuring my 
safety and smooth working conditions. 
Lastly, I would like to express my gratitude towards my family and friends for 
their constructive comments and endless encouragement. 
!11 
ABSTRACT 
Concrete subjected to rapid heating at high temperatures causes spalling of 
concrete. Spalling occurs when the tensile stress due to the pore pressure exceeds the 
tensile strength of concrete. Agricultural waste such as rice husk ash (RHA) is disposed 
through open burning. This contributes to elevating air pollution problems and causes 
respiratory diseases. This research studies the possibility of using RHA as a partial 
replacement for cement in concrete subjected to elevated temperatures, hence 
simultaneously providing a solution for spalling and air pollution problems. The objective 
of this study is to evaluate MIRRA as a supplementary cementitious material with 
reference to strength of hardened concretes and identify the optimal level of replacement 
of cement to improve concretes resistance to elevated temperatures. Tests were conducted 
on normal and RRA blended concrete. This included tests on compressive strength, fire 
resistance, Ultrasonic-Pulse Velocity and Scanning Electro-optic Microscope. Results 
show that MIRRA at 800°C with 5% partial replacement of OPC is the optimum mix 
proportion that maximizes concretes resistance to elevated temperatures. 
IV 
TABLE OF CONTENTS 
CERTIFICATION OF APPROVAL 
CERTIFICATION OF ORIGINALITY 
ACKNOWLEDGEMENT 
ABSTRACT. 
LIST OF TABLES 






1.1 Background . 
1.2 Problem Statement 
1.3 Objective 
1.4 Scope of Study 
LITERATURE REVIEW 
2.1 Concrete in Fire 
2.1.1 Factors influencing fire resistance 
2.1.2 Correlation between furnace burning 
and actual fire . 
2.1.3 Reaction of concrete to fire . 
2.2 Supplementary cementing materials. 
2.2.1 Rice Husk Ash 
2.2.2 RHA in Malaysia 
2.2.3 Comparison of burning methods 
2.3 Microwave incineration 
2. 3.1 Procedure 
2.3.2 Advantages 
2.4 Superplasticizer 
2.5 Pollution problems 
2.6 Scanning Electron Microscopy 
METHODOLOGY 
3.1 Material selection 
3 .1.1 Microwave Incinerated Rice 
Husk Ash (MIRRA) 
3.1.2 Water . 
3 .1. 3 Cement 




































3.2 Concrete mixing and sampling 19 
3.3 Concrete testing . 21 
3.3.1 Slump test 21 
3.3.2 Ultrasonic Pulse Velocity test. 23 
3.3.3 Compressive Strength test 23 
3. 3 .4 Fire resistance test 23 
3.3.5 Microstructure analysis 24 
3.4 Hazard analysis 24 
CHAPTER4: RESULTS 25 
4.1 Slump test 26 
4.2 Ultrasonic Pulse Velocity test 27 
4.3 Compressive strength test before 
Fire resistance test 28 
4.4 Compressive strength test after 
Fire resistance test 30 
4.5 Fire resistance test 32 
4.6 Scanning Electron Microscopy 
Analysis 35 
4.7 Water loss 39 
CHAPTERS: CONCLUSION . 40 














Designed mix proportion 
Experimental details of concrete testing methods 
Slump measurements 
Comparison of percentage increase in compressive strength of 
MIRRA at 800°C with control specimen 
Comparison of percentage increase in compressive strength of 
MIRRA at 700°C with control specimen 
Comparison of percentage increase in compressive strength of 
MIRRA at 600°C with control specimen 
Comparison of percentage increase in compressive strength of 
all MIRRA concrete samples with control specimen after fire 
resistance test 
Fire resistance test results 
Weight loss after the fire resistance test 
vii 













Microwave Incinerated Rice Husk Ash (MIRHA) 
Los Angeles grinder (ball mill) 
MIRHA after grinding 
Slump test apparatus 
Furnace 
Ultrasonic Pulse Velocity test results 
Compressive strength results of concrete samples with 
MIRHA at 800°C 
Compressive strength results of concrete samples with 
MIRHA at 700°C 
Compressive strength results of concrete samples with 
MIRHA at 600°C 
Compressive strength results of normal concrete and concrete 
samples with MIRHA at 800°C, 700°C and 600°C after fire 
resistance test 
Figures 4.6 & 4.7 - Difference between cracking and mild cracking 
Figures 4.8, 4.9 & 4.10 - Small red patches on the surface of the burnt concrete 
Specimens 




Effects of spalling 
SEM images of the burnt 5% MIRHA at 600°C 
SEM images of the burnt 5% MIRHA at 700°C 











Rice Husk Ash 
Microwave Incinerated Rice Husk Ash 
Ordinary Portland Cement 
Scanning Electron Microscopy 
Carbon dioxide 
Calcium Silicate Hydrate 






Concrete provides good fire resistance, but when exposed to elevated 
temperatures for a long duration, spalling is prone to take place. Therefore, 
improvement of concrete durability and strength to increase its fire resistance are of 
great concern. The basic aspects of the production of high performance concrete are 
the use of lower water-cement ratio and supplementary cementing materials. Due to 
this growing environmental concern and the need to conserve energy and resources, 
considerable efforts have been made to utilize local natural waste and by-product 
materials in making concrete, e.g. Rice Husk Ash (RHA). Under controlled burning 
and with sufficient grinding, the rice husk ash can be used as a supplementary 
cementing material. 
1.2 Problem Statement 
Normal concrete subjected to rapid heating at high temperatures causes 
spalling. Spalling occurs when the tensile stress due to pore pressure exceeds the 
tensile strength of the concrete. The phenomenon is generally assumed to occur at 
high temperatures, yet it has also been observed in the early stages of a fire and at 
temperatures as low as 200°C. 
The world's ecosystem is faced with the growing problem of global warming 
which is associated with the emission of C02 into the atmosphere. It is a well-known 
fact that for every tonne of Portland cement produced, approximately one tonne of 
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